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burn patients [2], there has been interest in earlier diagnosis

and intervention.

There is promising data regarding use of fungal screening

assays in other immunocompromised populations to facilitate

earlier diagnosis and thus earlier treatment [3 6]. A commer

cially available test, FungitellTM Glucan Assay for (1,3) b D

glucan (BG) in serum (Associates of Cape Cod Inc., East

Falmouth, MA), is a qualitative, colorimetric assay that detects

species of Candida, Aspergillus, Fusarium, Paecilomyces, Trichos

poron, Penicillium, Pneumocystis, Coccidioides, Histoplasma, Blas

tomyces, and Sporothrix [7 10]. The company that produces this

test cautions that Cryptococcus and the zygomycetes are not

detected using the FDA approved assay due to the low cell

wall BG content of these organisms. BG false positives have

been associated with poor specimen handling, hemodialysis

using certain cellulose membranes, exposure to certain types

of gauze, mucositis, candida colonization, bacteremia, use

of antimicrobials (especially cefepime), and recent adminis

tration of albumin or immunoglobulin products [3,11].

Galactomannan (GM) [Platelia1 Aspergillus EIA (Bio Rad

Laboratories)] is another serologic test that detects a polysac

charide component of the cell wall of all species of Aspergillus

that is released during fungal growth [6,12]. GM is also a by

product of the b lactam antibiotic fermentation process which

is thought to be the reason for reports of cross reactivity with

some antimicrobial agents including amoxicillin clavulanate

and piperacillin tazobactam [3].

Only one study has previously looked at fungal screening

assays in burn patients, which showed that BG false positives

were common. BG was elevated at baseline, even prior to

gauze coverage, in 50% of burn patients and was statistically

associated with greater TBSA burn involvement [13]. No

studies have evaluated the use of GM for fungal screening

in the burn population. The purpose of this study is to describe

the clinical utility of fungal screening assays in the diagnosis

of fungal wound infection (FWI) and colonization (FWC) in the

severely thermally burned patient population.

2. Methods

After institutional review board approval was obtained, we

performed an electronic retrospective chart review in the U.S.

Army Institute of Surgical Research (USAISR) Burn Center. The

USAISR Burn Center is a 40 bed unit located within Brooke

Army Medical Center that serves Department of Defense

beneficiaries worldwide and the civilian population from

Southern Texas. Standard practices for this institution have

been previously described in detail, but include single rooms

for all patients with aggressive infection control and environ

mental control processes to minimize nosocomial transmis

sion and environmental inoculation of wounds; burn wound

excision early after post injury; topical antimicrobial therapy

based on silver or mafenide acetate; perioperative antimicro

bials including vancomycin and aminoglycosides; daily

examinations for signs of infection; enteral feedings as soon

as possible; and FWC and FWI treated with surgical debride

ment and intravenous antifungals [2].

Using our electronic medical record system, we extracted

all patients admitted to the burn center between 1 January

2008 and 1 January 2011 with burns of any size who had a

fungal screening assay (either BG or GM) drawn sometime

during their hospitalization. Patients were excluded if they

were under age 18 or had injuries other than thermal burns

that required care in the burn unit (including toxic epidermal

necrosis and other desquamative processes not related to

thermal burns). Fungal screening assays were drawn at the

discretion of the primary team, based on perceived risk of

fungal infection. Positive fungal assays were defined according

to package inserts. A GM index (GMI) of �0.5 is considered a

positive test in the United States and was used as a positive

value in this study. A positive test is reported with a b D glucan

concentration of �80 pg/ml and a negative test with a

concentration <60 pg/ml. A retrospective chart review was

performed to describe relevant demographic characteristics to

include age, gender, % total body surface area (TBSA) burned,

time since burn, positive bacterial and fungal cultures and

their sites, confirmed fungal infection, date and cause of death

(if applicable), other risk factors for fungal disease, medical

comorbidities, co infections with their sources, ongoing

antimicrobial therapy, and renal replacement therapy.

Patients were characterized according to FWI, FWC, or no

evidence of either. FWI was defined as previously, that is,

evidence of fungal invasion into viable tissue on histopathology

[14]. FWC was defined as observation of fungal elements in the

eschar (or in other nonviable tissue) without penetration into

viable tissue. For this paper, patients without histopathologic

results and with a positive fungal culture were defined as FWC.

Patients with a positive culture only, patients with positive

histopathology for colonization only, and patients with both

positive culture and positive histopathology for colonization

were all defined as FWC. Patients are defined as having FWI only

if histopathology (indicating invasion into viable tissues) is

present and these have been indicated in Fig. 1.

For statistical analyses, continuous variables are reported

as medians with interquartile ranges (IQR). Categorical

variables were assessed by Chi square test. Mann Whitney

U and Kruskal Wallis tests were used for non normal

continuous variables. Spearman’s rho was performed for

correlation. Significance was accepted at p � 0.05 and all tests

were two tailed. Statistical analyses were performed with

SPSS software (IBM1 SPSS1 Statistics Version 19, Chicago, IL).

3. Results

During the study period, 554 patients were admitted to the

USAISR burn ICU due to burns with a median TBSA of 12% (IQR

5 25). Of these, 54 patients had fungal screening assays

performed (either BG and/or GM) during their stay. Fungal

screening assays were sent systematically for high risk

patients [those with large TBSA (e.g., >20%), prolonged ICU

stays, and/or wounds with high risk for fungal infection] from

February 2009 to March 2010. Fungal screening assays were

also sent based on clinical concern for fungal infection

throughout that time period and for the remainder of the

study period. One patient was excluded as he was under 18,

and was transferred to a pediatric burn center.

Patients were predominantly male (68%) and median age

was 50 years (IQR 35 63 years) (Table 1). Most patients were
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Due to the USAISR’s antibiogram, b lactam antibiotics are

less frequently used as empiric coverage. During the study

period, only seven patients were exposed to cefepime.

Cefepime was not significantly associated with positive BG

or GM. No patients received amoxicillin clavulanate during

the study period. Piperacillin tazobactam was used in seven

patients and was not significantly associated with positive BG

or GM. In examining carbapenem exposures, two patients

were exposed to meropenem, five were exposed to imipenem/

cilastatin, and one patient exposed to ertapenem. Patients

with FWC were significantly more likely than those without

FWC to have been exposed to a carbapenem during their

hospitalization ( p  0.02), but there was no significant associ

ation with positive BG or GM.

Thirteen patients underwent continuous renal replace

ment therapy (CRRT) within 12 h of BG/GM assays and had no

association with positive BG or GM. Patients with FWC were

also significantly more likely to be exposed to CRRT during

their hospitalization than those without FWC ( p  0.03).

Eighteen patients were bacteremic within 3 days before or

after fungal screening assays. Of these, no patients had a

negative BG value. BG values were positive in relation to

bacteremia with Pseudomonas aeruginosa, Mycobacterium absces

sus, Escherichia coli, Klebsiella pneumoniae, Enterobacter aerogenes,

Serratia marcescens, Stenotrophomonas maltophilia, Staphylococcus

aureus, Enterococcus faecium, and coagulase negative Staphylo

coccus ( p  0.02). Eight patients had positive GM within 3 days

of bacteremia with P. aeruginosa, Enterobacter cloacae, E. coli, S.

marcescens, and Streptococcus viridans (one patient with multi

ple bacteremic episodes) ( p  1.0). Eleven patients had nega

tive GM within 3 days of bacteremia with K. pneumoniae,

Acinetobacter baumannii, P. aeruginosa, Candida non albicans,

Bacillus non anthracis, S. marcescens, S. maltophilia, Corynebacte

rium species, E. aerogenes, S. aureus, and coagulase negative

Staphylococcus (two patients with multiple episodes of bacter

emia).

4. Discussion

Fungal wound infections lead to significant morbidity and

mortality in burn patients. Diagnosis continues to be made

with culture and histopathology, leading to delays in diagnosis

and treatment. Only one study has examined fungal screening

assays in burn patients, but previous literature has shown that

in patients with a high prevalence of fungal infection [i.e.

hematopoetic stem cell transplant patients (HSCT)], fungal

screening assays can be of use in diagnosis [3,4,6]. Of the

patients included in this study, the majority had TBSA >20%,

with 8 patients having greater than 60% TBSA. One in 53

patients had FWI (2%) and 14/53 patients had FWC (26%). This

is similar to prevalence noted in prior studies at this

institution which found FWI in 6% of patients with <30%

TBSA and >57% in patients with >60% TBSA [2]. Rates in our

study are higher than other studies such as a multicenter

study that revealed 6% of burn patients had positive fungal

cultures; however, these were primarily associated with

Candida [15].

Fungal serologies have also been studied as markers for

response to therapy and predictors of outcome in HSCT and

hematologic malignancy patients with invasive fungal infec

tions [5,16]. As multiple possible etiologies for false positives

are common in burn patients  including bacteremia,

hemodialysis, gauze covering, b lactam antibiotics, and

Candida colonization  we sought to evaluate the utility of

GM and BG assays in facilitating diagnosis of FWI/FWC in this

population. Our data revealed 100% sensitivity of BG in

diagnosing FWC. However the only patient with FWI during

this study had an indeterminate BG prior to diagnosis. GM had

a specificity of 71% and a positive predictive value of 23% while

sensitivity for mold FWC was very low at 67%. Most

importantly, our study showed that BG and GM were not

significantly associated with FWI, FWC, or species of fungal

involvement; but did correlate with TBSA.

Only one study has previously examined BG values in burn

patients. Because gauze is associated with false positive BG

levels, this study examined the role of gauze dressings. It

revealed that BG was positive at baseline in 50% of burn

patients prior to application of a gauze dressing. Elevated BG

was statistically associated with greater TBSA rather than

with gauze dressings [13]. Our data is consistent with these

findings, as we found that a positive BG was statistically

associated with higher TBSA. Both studies are in contrast with

numerous other reports in other patient populations. A

multicenter study of non trauma patients with a variety of

risk factors for fungal infections revealed a sensitivity of 64%

and a specificity of 92% using BG [17]. Among patients with

acute myeloid leukemia and myelodysplastic syndrome using

a BG � 60 pg/ml, the absence of a positive test result had a

100% negative predictive value, and the specificity of the test

was 90% for a single positive test result [4]. In a study of HSCT

patients, potential etiologies of false positive BG were identi

fied in 25/38 cases including mucositis, candida colonization,

bacteremia, use of antimicrobials (especially cefepime),

erythrocyte  and thrombocyte filtered blood products, collect

ing tubes or sampling via venous catheters [11]. Only one

trauma study has evaluated BG, which revealed that the

sensitivity of a positive BG for identifying invasive candidiasis

was 87%, with 73% specificity on the day of suspicion for

invasive candidiasis. However, this study also showed that in

trauma ICU patients elevated BG was common early in their

stay [18]. Overall, the sensitivity of BG for detection of yeast

and mold FWC in our study was very high at 100%, but it had

0% specificity. Most concerning was the fact that the single

patient with Fusarium FWI, who subsequently died as a result

of this, was one of the minority of patients who did not have a

positive BG. This patient had an indeterminate BG (69 pg/ml)

during this episode. Decreasing the BG threshold in burn

patients to <60 pg/ml (eliminating the indeterminate range)

could increase sensitivity, and as the test has such low

specificity at baseline could potentially provide some useful

ness as a negative predictor in this patient population.

In a multicenter study of 179 patients with HSCT or

hematologic malignancies with a 31% incidence of proven or

probable invasive aspergillosis (IA), studies using GM showed

an 81% sensitivity and 89% specificity for diagnosis of IA.

Approximately two thirds of patients have detectable circu

lating GM antigen an average of eight days prior to diagnosis

by other means [6]. Few studies have evaluated GM in patients

without HSCT or hematologic malignancies and none have
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previously looked at the burn population. Studies evaluating

GM in solid organ transplant recipients had a sensitivity and

specificity ranging between 22 30% and 84 90%, respectively

[3,6]. The authors recommend that GM assay should only be

used in patients with high pretest probability of IA, such as

patients with neutropenia or patients who have undergone

transplantation as increasing the prevalence of IA increases

the positive predictive value [6]. This recommendation is

directly applicable to burn patients as fungal infections have a

low prevalence in the burn population. In a prior study at this

institution, of 2651 burn patients admitted between 1991 and

2002, FWC was identified in 4.6% and FWI in 2% compared with

the prevalence of approximately 30% in the patient population

in which GM has previously been studied most extensively [2].

In our study, only one patient had a GM drawn within 7 days

prior to Aspergillus FWC which was negative 6 days prior to

diagnosis. This patient had multiple specimens showing

Aspergillus FWC, and had one positive and one negative GM

drawn with these cultures. In patients with GM drawn within 7

days after diagnosis of Aspergillus FWC, five of seven were

positive. Positive GM was associated with longer hospitaliza

tions ( p < 0.01) but not FWI, FWC, or yeast, mold, or mixed

fungal wound involvement.

A study designed to assess the benefit of combined

screening with BG and GM showed improved specificity and

positive predictive value to 100% for the diagnosis of IA

without detriment to sensitivity or negative predictive value.

In this study, BG tended to become positive prior to GM [3].

This fits with the data that we have from our study as the

strength of BG lies in its high sensitivity, while GM has a low

sensitivity but higher specificity. We found that combining BG

and GM did not increase their performance in the burn

population. This makes the utility of BG and GM in burn

patients very limited. There may be value in the setting of a

negative BG or positive GM, which would further narrow pre

test probability while awaiting confirmatory culture results.

However, in our small study no association between GM or BG

and FWC, FWI, or species of fungus was evident.

Our study has several limitations first of which is that this

was a retrospective study of BG and GM screening assays

which were drawn for a variety of clinical reasons. The small

number of study patients also limits the conclusions that can

be drawn from our study. Our study also may have under

estimated the prevalence of FWI, as not all patients had

histopathology corresponding with fungal cultures and any

patients without histopathology were considered to be FWC.

Despite evaluating three years of data, there was only one FWI

(Fusarium). There was only 1 BG value drawn within 7 days, and

this was 5 days after the culture and histopathology showing

FWI. There were no cases of FWI with Aspergillus to further

evaluate the utility of GM in diagnosing invasive Aspergillus

infections. In a prior study at this institution, of the patients

with FWI, 41% had observed progression from FWC on

histopathology [2], emphasizing the importance of aggressive

treatment of FWC. Using the predicted values of the GM assay

for diagnosis of IA based on prevalence from prior studies and

the prevalence of FWC in our institution, the positive

predictive value of GM would be predicted to be 31% (CI 28

35%) for proven or possible IA in burn patients at our

institution [6], however the positive predictive value is only

23% according to our data. Finally, since our study focused on

higher risk patients further study into broader ranges of

%TBSA or degree of illness are required to ensure the findings

of this study are applicable to a larger burn population.

In burn patients, the utility of fungal screening assays

remains unclear. In some patients, FWC can be followed by

invasion of microorganisms, giving rise to burn wound

infection [2,19]. Therefore, diagnosis of FWC is clinically

important. It can be argued that with the high sensitivity of BG,

a negative test could be reassuring that there is not FWC

present, with the caveat that this was indeterminate in the

only case of Fusarium FWI. Decreasing the threshold to

BG < 60 pg/ml would lead to 100% sensitivity of BG for

diagnosis of FWC/FWI in this very small study without

changing specificity, as this was 0%. GM had a specificity of

71% and a positive predictive value of 23% which is lower than

predicted based on the test’s performance in other patient

populations. It could be argued that a positive GM or negative

BG could be useful in further estimating pre test probability

while awaiting cultures, however we found no statistical

association between BG or GM and FWI, FWC, or species of

fungal organisms identified from culture. Larger, multi center

prospective studies with BG and GM assays in burn patients

correlated with culture and histopathology are needed to

further clarify the utility of these assays in this specific

population.

5. Conclusion

Our results are consistent with the only prior study of fungal

screening assays in burn patients, demonstrating that BG

positivity is statistically associated with extent of burn (TBSA).

No prior studies have evaluated GM in burn patients, but we

found that GM was associated with hospital length of stay and

TBSA but not fungal infection. Overall, we showed that neither

BG nor GM fungal screening assays used separately or in

combination are associated with FWI, FWC, species of fungus

isolated from patients with FWC or FWI, or mortality.

However, the number of FWI was too small to make a

meaningful conclusion. Despite 100% sensitivity of BG for

diagnosis of FWC, its 0% specificity, and elevation in the

setting of higher TBSA, makes utility of this test in burn

patients very limited. GM had neither high sensitivity nor

specificity. These fungal screening assays should be used with

extreme caution in the burn population.
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